The science potential of MeerKAT is enormous. In order to complement existing instrumentation and with the aim to help exploiting the new instrument in an optimal way, the MPIfR is providing a complete receiving system at "S-band", i.e. 1.75-3.50 GHz.. The Max-Plank S-Band System (MP-SbS) will especially enable science that falls into the core interests of the MPIfR. These include fundamental physics with tests of theories of gravity and gravitational wave detection, the exploration of the dynamic radio sky (e.g. by detecting fast cosmological radio bursts), highly sensitive molecular spectroscopy of the interstellar medium, polarisation continuum studies, and high-resolution imaging of radio sources using very-long-baseline-interferometry (VLBI). In addition to providing the frontend, the MP-SbS includes a state-of-the-art digital backend system that consists of a beamformer, a storage facility and a powerful compute cluster that allows turning MeerKAT into a discovery machine for pulsars and other time-domain phenomena. The system will be designed and constructed by the MPIfR in close collaboration with colleagues from the Universities of Manchester and Oxford. A major important contribution comes from the ERC Advanced Grant project MeerTRAP (PI Stappers) that will allow to double the initially planned beam former capabilities to 400 beams, although the final implementation may allow many more beams than that. Descriptions of MeerTRAP and the related MeerKAT projects TRAPUM and MeerTime can be found elsewhere in these proceedings.
Introduction
Radio astronomy is experiencing an important period of change, enabled by the revolution in digital electronics and affordable computational capability. This revolution enables the digitization, combination and processing of large bandwidths of signals. Therefore, one is able to construct sensitive telescopes out of a large number of smaller dishes, combining sensitivity with image quality, large bandwidth and high resolution. At the same time, one aims for mass production of technical elements to reduce costs, where the costs of multiplied instruments has to be balanced with the costs for increased required computing power. For this reason, we can expect that there is always a need for both interferometers and large single dishes, but it is also clear that the largest sensitivity will eventually be achieved by using arrays of telescopes, which can either work as interferometers for imaging and as a phased-array for time-domain processing, or as a station in a global network for very-long-baseline-interferometry (VLBI). The ultimate telescope pursuing this strategy is, of course, the Square Kilometre Array (SKA), but MeerKAT will already demonstrate the SKA's promises.
When completed, MeerKAT will be, by far, the most sensitive radio telescope in the Southern hemisphere. The science potential of the telescope is therefore enormous. Recently, the MPIfR, supported by funds from the Max Planck Society, embarked on a plan to support the South African activities by contributing directly to MeerKAT, choosing to provide additional capabilities to the telescope that centre on provision of an observing band at 1.75 to 3.50 GHz ("S-band"). This particular choice was driven by a number of criteria:
Science: In many respects and for many projects, S-band is an ideal frequency, including for a pulsar survey in the inner Galaxy, high precision timing, spectroscopy (CH), magnetism and VLBI. We present some of these ideas in more detail below.
Challenges: Especially for pulsar surveys, the lower flux density at higher frequencies needs to be compensated for by using larger bandwidths. At the same time, the smaller telescope beams require a larger number of synthesised beams to achieve a reasonable survey speed. Overall, this leads to larger requirements in data transport and processing.
Technology: The realisation of the project requires the application of a number of state-of-the-art technologies at the same time, including wide-band single pixel feed receivers, direct signal digitization without causing RFI, large-scale beamforming, data transport and analysis.
In the following we provide details of the science case before describing the instrumentation provided by the MP-SbS project.
Science Cases
The science enabled by the MP-SbS is wide ranging. Here, we concentrate on some opportunities that lie within the core interests of the MPIfR science activities.
Pulsars & Transients in the dynamic radio sky
There are not many astronomical objects whose discovery and subsequent studies provide more insight into such a rich variety of physics and astrophysics than pulsars. Applications of pulsars include using them as probes for the structure and properties of the Milky Way, the evolution and death of massive stars, their interaction with binary companions, as laboratories for physics under extreme conditions, or their use as cosmic clocks in timing experiments for testing theories of gravity. In almost every aspect, the extreme conditions in and around pulsars, including extreme magnetic and gravitational fields, exceed conditions that can be probed in terrestrial laboratories or even in the solar system. Ample examples show that discovering more of those sources leads to new and potentially transformational science. This is the motivation for the TRAPUM project, which is described in detail in the corresponding contribution in these proceedings. Referring to the TRAPUM contribution for more in-depth information, in summary, the TRAPUM aims include:
• Increase the sample sizes of all types of radio emitting neutron stars to constrain the birth rates, and the spatial and velocity distributions. This is the key for understanding the total numbers of neutron stars, the relationships between different populations and their formation rates;
• Study the properties, dynamics, and evolutionary history of globular clusters by finding new pulsars and fast transients associated with them. The new pulsars will include exotic systems, which can be used, among other things, to determine neutron star masses;
• Investigate the dependence of the pulsar and fast transient populations on properties such as metallicity and star formation history, by searching for them in external galaxies;
• Discover pulsars in the Galactic Centre and use them to probe gravitational effects of Sgr A*, the supermassive black hole at the centre of the Milky Way, dark matter and stellar populations;
• Discover exotic systems containing pulsars and compact companions and new millisecond pulsars (MSPs) to enable improved tests of general relativity and facilitate the search for gravitational waves;
• Expand the number of transient radio sources such as RRATs, giant pulses, flare stars and active binaries.
• Greatly expand the parameter space: sensitivity; search volume; time resolution, searched for fast transient radio emitters. Thereby enabling the study of the highest energy density events in the Universe and potentially identify electromagnetic counterparts to gravitational wave emission events;
• Search for radio bursts potentially associated with events at high redshift and use them for cosmology.
MeerKAT has the sensitivity to make significant contributions to all those areas. With the increasing exposure to Radio Frequency Interference (RFI) everywhere else in the world, the legallyprotected radio-quiet site of MeerKAT may also be one of a few places in the world where this is
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The MeerKAT Max-Planck S-band System M. Kramer possible. However, enhancement of its processing capabilities are needed to provide the field-ofview that is necessary to reach the full potential of the science proposed here. Indeed, surveying the sky for pulsars and fast transients with MeerKAT will require the simultaneous creation of initially tens and ultimately hundreds of tied-array beams. This is a critical and essential aspect, both for the online creation of the beams themselves and the subsequent offline scientific processing of them. Learning how to do these types of searches will be a critical aspect of preparing for similar observations with the SKA. For this reason, MP-SbS will not only provide the receivers themselves, but in collaboration with colleagues at the Universities of Manchester and Oxford, we will develop and implement the required backend system. This is in particular possible by combining MPIfR resources with those of MeerTRAP, provided by an ERC Advanced Grant to PI Stappers.
Pulsar searching
As pulsars are Galactic objects, most of them can be found from the Southern hemisphere. This explains why the relatively small 64-m Parkes telescope has discovered about 2/3 of all known pulsars. Key was the exploitation of a 13-beam receiver, which increased the telescope's survey speed by an order of magnitude. It is therefore no surprise that essentially all state-of-the-art surveys utilise multi-beam systems. The largest effort is represented by the High Time Resolution Universe Survey (HTRU), whose Southern part was done with the 13-beam system on Parkes [1] , while the Northern complement is done with the 7-beam system at the 100-m telescope at Effelsberg [2] . Both survey parts utilize a search frequency around 1.4 GHz and a bandwidth of about 300 MHz. While being highly successful, the current surveys at or below 1.4 GHz are limited in their search volume by interstellar scattering, i.e. a pulse broadening due to multipath propagation in the interstellar medium that cannot be removed by instrumental means (unlike interstellar dispersion, which can be compensated by high frequency resolution). Scattering smears the pulse and renders it undetectable, if the scatter broadening time becomes comparable to the pulse period. This fact limits the discovery of millisecond pulsars at 1.35 GHz (HTRU-S) to a typical distance of about 5 kpc towards the Galactic Centre [1] . However, scatter broadening reduces as a strong function of frequency (τ ∝ ν −4.4 , [3] ). Hence, moving the band centre from 1.35 GHz to 1.75 GHz, or even 3.3 GHz, would reduce the scattering time from 5ms at 5 kpc to 1.6ms and only 0.1ms, respectively. While this "clearing-of-the-fog" vastly extends the scattering-limited search volume, making the inner Galaxy accessible for fast-spinning pulsars for the first time, the drawback is the reduced flux density due to an average steep spectrum of pulsars (S ∝ ν −1.6 , [3] ). At the same time, the beam width of a radio telescope also reduces with increasing frequency (θ ∝ ν −1 ), so that in the past, covering the same area of the sky, resulted typically in reduced observing time per pointing and hence reduced sensitivity.
For TRAPUM we plan to use mostly the standard 1.4-GHz frequency, as this was provisioned for in the planned MeerKAT roll-out. However, based on our recent HTRU results [4] , a sensitive survey at slightly higher frequencies is paramount to probe deeper. However, such survey is impossible to perform at Parkes, or any other current large radio telescope due to the small telescope beams. Implementing a survey capability for 1.75 to 3.5 GHz on MeerKAT will change this dramatically. Key is MeerKAT's large improvement in telescope gain and the implementation of a beam former that will produce at least 400 beams. Thanks to a combination of remarkable sensitivity and FoV, a corresponding extension of the TRAPUM survey programme will be hugely successful.
The strategy for an S-band survey will be finalized after on-going observations of the inner Galaxy using other telescopes. Currently, we intend to search a narrow strip given by |l| < 30 deg and |b| < 0.5 deg with an integration time of about 5400 s. Based on simulations of the expected yield, we can expect the discovery of up 750 new normal and a few hundred new millisecond pulsars. These numbers are based on the initially available bandwidth of 875 MHz, so that a future utilisation of the full band will lead to even larger yields. Apart from greatly enhancing our knowledge of the Galactic population of pulsars and the usage of the new sources to probe and map the interstellar medium, this large yield of pulsars will also harbour new and exciting systems for testing theories of gravity and objects that may push the extreme of neutron star properties in terms of spin period and masses, with all the ramifications for fundamental physics that we have demonstrated successfully in the past.
In addition to the large area surveys described above, MeerKAT will also be a superb telescope for targeted searches. As shown in the past [5] , the proposed frequencies range is an ideal choice to find pulsars in globular clusters. Such high-frequencies searches have for instance been used successfully to find the fastest-known spinning pulsar [6] or to find a radio magnetar in the Galactic Centre [7] . In particular, the latter discovery made with the Effelsberg telescope suggests that it is possible to find normal pulsars around the central mass black hole, known as Sgr A*, which will provide a unique probe for the black hole properties and their description in theories of gravity [8] .
Fast Radio Bursts
Pulsar surveys are not only sensitive to periodic signals, but the same data also allow the discovery of single radio transients. This was demonstrated by the discovery of fast radio bursts (FRBs, [9] ) and the confirmation of the existence of a whole population of cosmological transient signals using HTRU data [10] . FRBs are single broadband bursts of radio emission, with duration of a few milliseconds, that appear to represent a new class of astrophysical object, with a dozen or so examples now known. Our current estimates, based on the discovery of FRBs at Parkes and recently Arecibo and GBT, suggest that there are as many as ∼8,000 FRBs per sky per day, i.e. one FRB every 10 seconds or so [11] , while one has also been observed to repeat [12] . We know that they originate at cosmological distances, based on their dispersion and scattering properties. Hence, FRBs are of interest for two main reasons:
1. The progenitors are completely unknown: due to the large FRB (radio) luminosity the mechanism must be much more energetic than that of pulsars, exceeding the typical pulse luminosity by three orders of magnitude. In order to solve the mystery of their progenitors and to answer the question as to whether they are "radio-only" events, identification of their host galaxies and independent redshift estimates are needed. These require accurate localisation to perform effective multi-wavelength follow-up that would be enabled by the planned online detection pipeline which will be be implemented as part of the MeerTRAP project (PI Stappers).
2. As FRBs are detectable out to cosmological distances, they represent perfect tools to study the intergalactic medium (IGM) and probe cosmology, e.g. the detection of the rotation
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The MeerKAT Max-Planck S-band System M. Kramer measure of an FRB can be used to measure the magnetic field. Moreover, the dispersion of these pulses is caused by the low-density, high-temperature component of the ionised IGM, impossible to detect otherwise, possibly representing "the missing baryons", where we can use the observed dispersion to "weigh" these particles [13] . Furthermore, if FRBs prove to be standard (or standardisable) candles, they can be used to measure cosmological parameters such as is done with Type Ia supernovae (see [14] and references therein). Consequently, TRAPUM and MeerTRAP will lead to the discovery of new FRBs, and combined with the multi-beaming and imaging capability of MeerKAT, new insight in the origin of FRBs and their usage as IGM probes.
Pulsar timing: theories of gravity and gravitational wave detection
Extracting the science from pulsar discoveries requires the regular monitoring of the received pulses in a technique known as "pulsar timing". Registering pulse times-of-arrival (ToA) allows a range of experiments that include tests of theories of gravity or the detection of low-frequency gravitational waves (GWs). For the detection of GWs, our aim is to measure small variations in the ToAs that are caused by the modification of space-time due to the passing of a GW over the Earthpulsar system. Acting as a cosmological GW detector, an array of timed pulsars (a so-called "pulsar timing array" or PTA) will be sensitive to nano-Hertz frequencies, thereby complementing efforts to detect GW at kHz-frequencies with ground-based detectors and mHz-frequencies with space-born detectors. Such efforts are ongoing in Australia using Parkes, in North America using the Arecibo and Green Bank Telescope, and in Europe using the 100-m Effelsberg telescope and the telescopes at Jodrell Bank, Westerbork, Nancay and Sardinia. Combining the five European telescopes to form the Large European Array for Pulsars (LEAP, ERC Advanced Grant, PI: Kramer [15, 16] ) results in unprecedented sensitivity and hence timing precision across the sky, but a major difficulty for all PTA experiments is the effect of interstellar weather: tiny variations of the dispersion measure (DM) of the order of 0.1% or less lead to significant variations in the ToAs, whose red-noise properties of the resulting signal make the detection of GWs difficult. Apart from multi-frequency observations to measure and remove the effect of DM variation, a most valuable approach is to perform high precision timing at a higher radio frequency as the ToA variations scale with (∆t ∝ DM/ν 2 [3] ). With the proposed receiver system, we can not only perform high-frequency timing observations that will serve as a baseline for the on-going PTA experiments, but the large sensitivity of MeerKAT promises to produce the best possible ToA measurements, complementing our efforts at Effelsberg and the other European telescopes in the Northern hemisphere to finally allow a direct GW detection.
By probing much deeper into the Galaxy with the TRAPUM survey, we will also discover many more fast-spinning objects and compact binary systems. By using the precise clock-like nature of pulsars and their role as compact test masses, we can use pulsar timing to compare their orbital motion with predictions of general relativity and alternative theories of gravity, enabling tests in strong gravitational fields. For instance the Double Pulsar provides the best test of GR in the strong field regime [17] , while relativistic white dwarf-pulsar systems (WD-PSRs) like PSR J0348+0432 provide the most stringent limit on alternative theories and constraints on the equationof-state of super-dense matter [18] . The ultimate goal is the discovery and exploitation of a pulsarblack hole binary. TRAPUM is not only an excellent way of finding these systems, but it will be
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A Renaissance of Radio Observations of the Molecular Diffuse Interstellar Medium
The methylidyne radical (CH) was the first molecule found in interstellar space. Three optical absorption lines near 400 nm wavelength were first found by Dunham in 1937 [19] and became a common probe of the diffuse interstellar medium in the Solar neighbourhood. At radio wavelengths, the three hyperfine structure (hfs) transitions arising between energy levels of CH's rotational ground state at 3.264, 3.335 and 3.349 GHz were first detected at the Onsala Space Observatory [20] . The ensuing extensive surveys established CH as an ubiquitous component of the interstellar medium, Galaxy wide; see, e.g., [21, 22] .
It readily was realized that this molecule's excitation was inconsistent with the assumption of local thermal equilibrium (LTE) since its lines were always found in emission, even toward strong continuum sources. This (generally weak) maser emission complicates the interpretation of CH radio observations and renders abundance observations uncertain. This and the emergence of large-scale studies of millimetre-wavelength emission from carbon monoxide contributed to a general dismissal of the CH radio lines as a tracer of the ISM. Nevertheless, a series of studies presented it as a useful probe of diffuse molecular material in translucent clouds; e.g., [23] .
Over the last few years, the appreciation of CH as a tracer of diffuse interstellar clouds, i.e., of their molecular hydrogen (H 2 ) content, has dramatically changed with observations of absorption in the molecule's 533/537 GHz rotational submillimetre-wavelength (submm) ground-state transitions using the Heterodyne Instrument for the Far-Infrared (HIFI), the high resolution spectrometer aboard the Herschel Space Observatory [24, 25] . Even more recently, CH's 2007 GHz fine structure transition, which also connects to the molecule's ground state has become observable with GREAT, the German Receiver for Astronomy at Terahertz frequencies [26] , on board the Stratospheric Observatory for Infrared Wavelengths (SOFIA). H 2 itself, by far the most abundant species in the molecular ISM, has no easily observable spectral lines. Therefore, its column density and thus an interstellar cloud's mass is generally probed by the emission or absorption of much less abundant "tracer" molecules, often rare isotopologues like H 13 CO + , which each have their virtues and drawbacks. The important recent finding, also based on HIFI/Herschel data, that an unknown but significant percentage of all interstellar molecular gas is not traced by CO at all, but by the 158 µm fine structure line of ionized carbon (CII) [27] make observations of OH and CH all the more interesting as potential tracers of this so-called "CO-dark" molecular gas [28] .
With the Herschel mission ended and SOFIA observations being expensive and only possible for a limited number of sources, the question of further extensive observations of the useful CH molecule has arisen. The sub-mm lines cannot be observed from the ground because of the Earth's atmosphere. In contrast, the three radio lines around 3.3 GHz can be observed very well, for example with the Effelsberg 100-m telescope and, recently, even imaged with the newly extended Jansky Very Large Array and in the future with MeerKAT. As explained above, the 3.3 GHz CH hfs lines are always inverted which makes their interpretation difficult. This can be remedied once collisional rate coefficients have become available that allow non-LTE excitation/radiative transfer modeling of the molecule's excitation using the measured intensities of the sub-mm/far infrared and all three radio hfs lines as constraints. Experts in the determination of such coefficients are
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The MeerKAT Max-Planck S-band System M. Kramer currently engaged in the necessary quantum mechanical calculations. With such rate coefficients in hand, one could use the HIFI and SOFIA sub-mm/far infrared wavelength absorption spectra for the few sources for which such data are available, to "calibrate" the information provided by the radio lines and in the end hopefully use the radio lines alone to determine CH column densities for many lines of sight. Given all this, we are convinced that the time has come for the 3.3 GHz CH lines to become highly useful probes of the ISM throughout the Milky Way, along with the hfs lines of hydroxyl (OH) near 1.7 GHz, which will also be observable with MeerKAT. The frequency extension of MeerKAT enabled by MP-SbS will allow imaging of the three 3.3 GHz lines of CH throughout the Southern galaxy and even in extragalactic sources. It will add crucial information on the diffuse ISM that will be highly complementary to the comprehensive surveys of the denser "CO-bright" ISM that the Atacama Pathfinder Experiment Telescope (APEX) is delivering [29, 30] . Like its sub-mm absorption, CH's radio emission is seen toward distant sources of continuum radiation from star forming regions. Thus the CH 3.3 GHz lines, with the information they carry calibrated as described above, will probe the H 2 column density of all the intervening spiral arms on the lines of sight to distant background sources, delivering pencil beam "tomography" of the molecular ISM of large parts of the Milky Way and even nearby galaxies, in particular the Magellanic clouds.
Very Long Baseline Interferometry
VLBI provides the highest possible resolution in astronomy. It connects different radio telescopes on a regular basis for joint observations. With the MP-SbS and MeerTrap projects, MeerKAT will have beam-forming capabilities, so that it will be able to operate like a single, large telescope of equivalent diameter of over 100 m. In this mode, it will be able to participate in regular observations of VLBI networks, substantially enhancing sensitivity. In particular, as the largest radio telescope in the Southern hemisphere, it can join the high-sensitive world-class VLBI elements such as Arecibo, Effelsberg, the phased JVLA, the Green Bank Telescope, Parkes, and the 70-m dishes of NASA/JPL's Deep Space Network (DSN). MeerKAT is located to the South-West of the 26-m dish in Hartebeesthoek (HartRAO), which is already a regular member of the European, the global, and the Australian networks. The addition of MeerKAT to these arrays will enhance the image fidelity and the Fourier sampling of radio interferometric observations dramatically.
The frequencies in the bands L (1−2 GHz) and S (2−4GHz) are important in VLBI to resolve the optically thin, extended emission in jets of Active Galactic Nuclei (AGNs) and radio galaxies, to image supernova factories and radio supernovae during the expansion phase months or years after explosion.
Presently, the European VLBI Network (EVN), which includes VLBI stations in Europe, Puerto Rico (Arecibo) and China, operates regularly including the 26-m radio telescope in HartRAO. HartRAO is connected by optical fibre to the eVLBI facility, so that it regularly performs real-time VLBI, providing excellent North-South coverage with the Eurasian antennas and Arecibo. MeerKAT will be connected to the eVLBI network also, and it will therefore offer rapid agility for eVLBI science, such as triggered observations after transients, or regular off-session observations from the EVN in the eVLBI slots. Additionally, a beam-formed MeerKAT can join observations with the Australian Long Baseline Array, enhancing the Southern network at decimeter wavelengths, exceeding Parkes in sensitivity for long and short baselines to New Zealand.
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The MeerKAT Max-Planck S-band System M. Kramer Besides being more sensitive, the addition of a new antenna in the VLBI arrays at a distance of 900 km (namely, 5-7 Mλ at this wavelength range) from HartRAO is essential for a better image fidelity for extended emission and for the mutual short-baseline calibration with HartRAO in arrays both towards Australia or Europe. This has direct impact, for instance, on the quality of high-resolution images of the lobes of nearby radio galaxies such as Centaurus A or Cygnus A. The ongoing build-up of an African VLBI Array including telescopes in Ghana, Kenya, and Madagascar, promises the future availability of a powerful African-wide array further enhance the global VLBI network with MeerKAT at the core of it.
System Description
The MP-SbS receiver will be installed on the MeerKAT antennas. For this purpose the antenna has been equipped with an instrument indexer for remote selection of up to four different receivers. To reduce installation efforts and increase possible support from the MeerKAT team we intend to follow the interfaces of the native MeerKAT L-Band receiver. This includes, but is not limited to, vacuum and He, and power supply as well as data transfer and control infrastructure. In addition significant parts of the existing MeerKAT backend structure will support the MPIfR data reduction.
Frontend description
Each of the 64 MeerKAT antennas will be equipped with one receiver frontend. The receiver frontend includes all components to collect, amplify and digitize the signal. The frontend transmits the digitized signals via the MeerKAT communication network, using standard Ethernet, to the backend section of MeerKAT.
Even though the interfaces to the MeerKAT infrastructure mostly follow the interfaces defined by the L-Band receiver of MeerKAT, the MPIfR receiver design reuses, if applicable, developments that have already been made and tested at the MPIfR. Thus the design for the MeerKAT receiver benefits significantly from previous projects carried out by the technical department of the MPIfR. This does not only reduce the development requirements, but also, more importantly, decreases the risks, during the design as well as the operations, as the existing hardware parts are thoroughly tested, some even for several years at telescope environments. The frontend specifications, if applicable given for 95% of the band, are presented in Table 1 , which summarizes the performance of the frontend, required to enable the science presented above.
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Note that the data will be digitized right at the front-end, where a electrical and spatial separation of ADC and FPGA is implemented to reduce RFI. The ADC will be integrated in the receiver package, providing direct sampling with 1.75 GHz bandwidth and 12 bits. The data are repacked to achieve an internal data reduction to 875 MHz at 10Bit precision, in order to be compatible with MeerKAT's standard backend system. Each data stream from the receiver will receive absolute time stamping.
Backend system
For the spectroscopy and imaging applications, the MeerKAT correlator will be able to perform the required tasks. For VLBI and in particular the non-imaging (time-domain) processing, it is necessary to design and deploy a beam former whose output will be recorded and processed by a computing/storage cluster. For the transient science case, it is important that FRBs will be detected in quasi-real time in order to provide triggers for observatories at other parts of the electromagnetic spectrum. Moreover, looking ahead, the data rate for SKA Phase 1 will be so high, that all pulsar searching has to be implemented in an on-line system. The development and verification of such system is extremely important. Also here, MeerKAT serves as an important stepping (and verification) stone, where we can implement an on-line search system, whose output can be compared to a later off-line processing using the stored data. In the following we describe the components needed.
Beamformer
The scientific goal of the pulsar survey is to enable the search of the entire sky visible from MeerKAT for pulsars. As MeerKAT consists of an array of telescopes, obtaining the maximum sensitivity requires adding the signals of these elements coherently. This results in a narrow beam on the sky, and thus in a very slow survey speed. To compensate for that, a large number of beams are formed to dramatically speed up the survey. In the case of MeerKAT, together with MeerTRAP, we aim for a compromise between survey speed and computing power, resulting in at least 400 beams. Advances in compute power since the inception of the system mean that we will probably be able to produce more than 1000 beams eventually. This is comparable with the SKA1 requirement and hence provides an excellent testbed.
During the beam forming process, signal streams from different antennas are combined with appropriated phase delays to single out certain beam directions within the primary field-of-view of the single MeerKAT antenna. This is effectively done in the frequency domain using a GPU implementation.
Storage cluster
The output of the beam former will be (at least) 400 beams with 4096 channels, 8 bits and a sampling time of 64µs. This results in a data rate of about 64MB/s/beam or 26 GB/s in total. These data will be transferred using 40 or 100 GigaBit-Ethernet lines via a switch to a storage cluster. While the output will be searched on-line for single pulses and FRBs within MeerTRAP, finding binary pulsars requires off-line analysis. Hence, it will be necessary to store at least one day of observing data. This results in a storage requirement of at least 2.2 PB.
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The limitations in the storage capacity require an off-line processing of the stored search data, before further observations can start, as only about 1 day of searching can be recorded. The data reduction will be made using a dedicated computing cluster. As searching for pulsars is an "embarrassingly parallel" problem, it can be easily tackled in a scalable cluster, although the search for an accelerated compact binary system will be ultimately limited only by the available computing power. In order to define a minimum useful size of the cluster, we require that it is sufficiently powerful to conduct a meaningful on-line search, the results of which are then compared to the corresponding off-pulse results.
The raw data for some of the most interesting candidates are ideally kept, so that more sophisticated methods can be deployed, and so that future updated ephemerides can be re-applied to decrease any existing smearing later. For this reason, some of the data will be transferred to long-term storage. At the moment, we are exploring the possibility to use the European Data Relay System (EDRS), which communicates via optical lasers between the ground station, Low-Earth orbiting and geostationary satellites to eventually beam the data to Germany via radio down-link.
Implementation Plan
The finite lifetime of MeerKAT as an independent observatory before being absorbed by SKA, sets the early possible science utilization of the MP-SbS as a critical design goal. At the time of writing, the prototypes were successfully tested on the MeerKAT telescopes (see Figure 1 and 2). Results from this testing were used to update the design for the production frontends and the production will ramp up, for which the tests are ongoing at the time of writing. After successful completion, mass production of the receivers will commence. While most of the production receiver parts will be contracted, in order to keep control over critical parts of the receiver, we intend to perform the following tasks for the frontend in-house: LNA selection and packing, cryostat and receiver integration, and performance verification.
An test system for the beamformer and backend system is also on-site and being tested. We expect that the whole MP-SbS will be available soon after the full completion of MeerKAT in Spring/Summer 2018.
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